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Claim 

1. Particles composed of a fusion protein 
comprising HUcAg to the amino terminus of which is linked 
a heterologous antigenic epitope, excluding the first 
eight amino-acids of fi-Galactosidace, which epitope is 
exposed on the outer surface of the particles. 

9. A DMA sequence encoding a fusion protein 
comprising HBcAg to the amino terminus of >..which is linked 
a heterologous antigenic epitope, excluding the first 
eight amlno-acids of S-Galactosidase. 

5. Particles according to claim 4, wherein the 
antigenic epitope is an epitope of foot-and-mouth disease 
virus, poliovirus, human rhinovirus, influenza virus or 
hepatitis B virus surface antigen. 

7. A vp^cine comprising, as active ingredients 
particles as claimed in any one of the preceding claims 
and a physiologically acceptable carrier or diluent. 
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TITLE; FUSION PROTEINS 

This invention relates to the construction of 
fusion proteins* 

Hepatitis B virus is a DMA virus vlth a partly 
double stranded genome of 3200 nucleotides. The vital DNA 

5 is surrounded by the viral coded core antigen (RBcAg) which 
is enclosed by the similarly coded surface antigen 
(Robinson, 1977). Eemoval of the surface antigen by slid 
detergent treatment leaves a core particle 27na in diameter 
composed of HBcAg and the viral DNA. HBcAg has been 

10 expressed in microbial cells as the native polypeptide and 
as a derivative fused to the terminal eight residues of 
betft-galactoBidase (see Murray et al, 19B4 for refs). 

When synthesized in E. coli the core protein self 
assembles into 27 nm particles which can be visualised 

15 under the electron microscope (Cohen and Richmond, 1982) 
and which are immunogenic in laboratory animals (Stahl et 
al, 1962). The amino acid sequence of the core antigen 
shows a region towards the carboxy terminus which is 
homologous with that found in protamines (DNA binding 
proteins)* By 

20 inference, it has^een suggested that this part of the 
molecule interacts with DNA during assembly of core 
particles (Pasex et ali 1979). 

We have previously shown that it la possible to 
express immunogenic epitopes of foot-and-mouth disease 
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virus (FHDV) as fusion proteins to beta-galactotldase in 
bar Serial systems and also in calls infected with 
recombinant vaccinia virus (Winther et al, 1986; Kevton et 
al, 19B6). Since be ta-galactosidase in its active form 
5 exists as a tetraneric structure, the nature of the fusion 
was such that only four copies of the FKDV sequence would 
be present on each complex but these only represent about 
2% of the weight of the fusion protein. Further, *ninals 

• • » 

• vaccinated with the recombinant vaccinia virus failed to 

10 produce neutralising antibody (Newton et al, 1986). The 

• • • 

l^^y reason for this poor response may be because 

• • • 

beta-galactosidase is expressed in the cytoplasm. 

In order to improve the presentation of rnov 
epitope to the immune system, we have fused the FWDV 
15 sequence to the HDcAg. DNA sequences were constructed, 

• • * • 

each encoding a fusion protein comprising BBcAg to the 

• • • 

amino terminus of which was linked FHDV VPl residues 141 to 

• • • 

160. The fusion gene sequence was incorporated into the 
vaccinia virus genome. Cells Infected with the recombinant 

15 virus expressed the fusion protein strongly* The 
recombinant protein self-assembled into particulate 
structures. These have a high density of externally 
located FKDV epitopes. By expressing the FNDV epitope in 
this way, it is possible to present it in a more virus-like 

20 form. 

This approach for presenting antigenic epitopes 



to the Immune «y»tein has general applicability* Accord- 
ingly^ the present invention provides a DHA sequence 
encoding a fusion protein comprising RficAg to the amino 
terminus of which is linked a heterologous antigenic 
epitope* 

for expression of the fusion protein, the DNA 
sequence is incorporated in an expression vector. The DNA 
sequence is incorporated in a vector such that the vector, 
when provided in a suitable procaryotic or eucaryotic host, 
is capable of expressing the fusion protein* The vector 
may be a plasmid. Alternatively^ the vector may be a 
viral vector which Incorporates the DNA sequence such that 
the fusion protein is expressed by cells infected with the 
vector. The fusion protein is obtained in particulate ^ 
form* The fusion protein is used as a vaccine, vaccines 
may therefore comprise the fusion protein and a 
physiologically acceptable carrier or diluent* In view of ~ 
the apparent involvement of the carboxy terminus of the 
BBcAg in DNA interaction tut the centre of the hepatitis B 
virus, the heterologous epitope is fused to the amino 

terminus of the BBcAg«. The epitope 
may be fused directly to the BBc/.g. Alternatively, the 
heterologous epitope may be fused to the BBcAg via an 
intervening linker* Such a linker may b9 composed of one 
or more, for example up to ten, amino acid residues* The 
precore BBcAg signal amino acid sequence, which normally is 
located immediately before the amino terminus of the HBcAg, 



may therefore be absent from the £uftion protein or part of 
it may comprise the linker* To the amino-^terminue of the 
heterologous epitope may be located one or more amino acid 
residues prior to a net residue corresponding to a 
translational start codon. 

Any heterologous antigenic epitope may be fused 
to the BBcAg. By ""heterologous* is meant an epitope which 
is not an epitope of BBcAg.. The size of the epitope may be 
from four to twenty six amino acid residues. Two or more 
heterologous antigenic epitopes may be provided, in this 
way, polyvalent'- vaccines can be presented* 

The heterologous epitope may be that of a virus, 
bacterium or protozoan. As examples of viral epitopes » 
there may be mentioned those of PKDV, poliovirus, human ^ 
rhinoviruSf influenza virus and hepatitis B virus surface 
antigen (HBsAg)* Protozoan whose epitopes may be provided 
include the malaria parasite Plaiwodium falciparum . 

The major FUDV antigenic sites correspond to 
amino acid residues 141 to 160 and 200 to 213 of the VPl 
capsid protein. Either or both of these sequences of amino 
acid residues may therefore constitute the heterologous 
antigenic epitope(s). Alternatively^ parts of these 
sequences may be provid^^d e.g. residues 142 to 145, 146 to 
151, 142 to 151 or 142 to 160. A suitable DMA construct 
incorporating VPl amino acid residues 142 to 160 of fKDV 
type Kaufbeiiren, and its corresponding amino acid 
sequence as denoted by the one-letter code, is shovn below. 
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.PYYTTTTCTATGCTATAAXTCXATTCACCT 
Pllk Promoter « N S A 

CCGAACCTGCGTGCTGACCTCCAGCTTCTG 
5 PKLRGDLQVL 
(VPl 

GCTCAGAAAGTTGCTCCTACCCICCCCGCA 
AQKVARTLP G 
10 VPll [ 

GCTCCGGATCCGCGCCCCCTTGGGTGGC^T 
APDPKALGVr L 
LINKER ) t 

15 ^ 



TGGGGCAT 04rj*.^ CATTGACCCTTATAAAGAA 

• ft ft 

WGMDl DPYK E 

SErATITIS B COllE ANTIGEM 

/ft**. T T T 

ft » • 

20 

r 

The DNA »©quence encoding the fusion protein can 
be prepared starting from a DMA sequence encoding BBcAg, 
for example a plasmid incorporating the 8B<:Ag gens* A DNA 
25 sequence encoding the heteroXogouB antigenic epitope to be 



included in the fusion protein is ligated in the correct 
frame to the 5' end of the HBcAg gene, k vector capable of 
expreifiing the fusion protein nay be prepared by 
incorporating a DNA sequence encoding the fusion protein 
between translational start and stop signals in a vector 
and providing a promoter for the sequence. By transforming 
suitable host cells vith auch an expression vector , the 
fusion protein can be produced. 

A viral vector capable of expressing the fusion 
0 protein may therefore be prepared by incorporating a DUK 
sequence encoding the fusion protein between translational 
start and stop signals in the genome of a virus and 
providing a promoter for the sequence. Typically, this may 
be achieved by: 
5 (i) constructing a shuttle vector which , 

incorporates, under the transcriptional control of a 
promoter, a DNA sequence encoding the fusion protein 
betwften translational start and stop signals; and 

(il) transfecting with the shuttle vector and 
0 infecting with a virus mammalian cells such that the DNA 
sequence and the promoter are incorporated in the viral, 
genome. 

The DNA sequence comprises DHA encoding the 
heterologous antigenic epitope inaediately upstream of and 
S in the correct frame in relation to the RBcAg gene. The 
DNA sequence and promoter are Incorporated in the viral 
genome by homologous recombination » Appropriate flanking 
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sequences of virftl DNa are therefore provided on either 
side of the DNA sequence and promoter in the shuttle 
vector^ The fusion protein is expressed by cells Infected 
with the resultant recombinant virus. 

5 The shuttle vector is typically a plasmid. It 

comprises a bacterial origin of replication to enable the 
manipulation required in step (1) to be carried out in 
bacteria, especially E> coll . The promoter is typically a 
viral promoter, more preferably a promoter endogenous to 

10 the virus into the genome of which the DNA encoding the 
fusion protein is tc be inserted* The heterologous 
antigenic epitope is generally prepared by chemical 
synthesis and/or by cloning* A linker DNA sequence may be 
provided between the heterologous epitope and the HBcAg, 

15 A vaccinia virus system may be used. A shuttle 

vector may be constructed in which the fusion protein gene 
** is incorporated under the transcriptional control of a 

vaccinia promoter. A suitable promoter is the vaccinia 
pllk promoter. The promoter and fusion protein gene are is 

20 flanked by vaccinia virus DNA which is not essential for 
••^ virus replication. Typically, flanking segments of the 

vaccinia gene for thymidine kinase (TR) are used. The 
fusion protein gene is present between DNA encoding 
t ranslatlonal start and stop signals. 

2B The vaccinia promoter and fusion protein gene are 

then inserted into the vaccinia genome by homologous 
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recombination. This is typically achieved by infecting 
mamnalian cells with vaccinia virus such as the Kyeth (US 
vaccine) strain and also trcinsfectlng the cells with the 
shuttle vector^ The site of insertion is determined by the 
flanking vaccinia DHA segments of the shuttle vector. By 
neans of homologous recombination the functional TK gene of 
the wild-type virus is replaced by the non-functional TK 
gene sequence included within which is the fusion protein 
gene. The resulting recombinant virus is TR* and can 
therefore be selected accordingly. 

The fusr&n:.protein incorporating the antigenic 
epitope is expressed in cells, typically i&ammalian cells as 
below, infected with the recombinant viral vector. The ^ 
fusion protein is obtained from the cells in conventional 
manner e.g. by lysing the cells followed by centrifugatlon. 
The fusion protein self-assembles within the cells to form ^ 
particles. These particles closely resemble the 27 nm core 
particles composed of HBcAg and viral DNA which can be 
obtained by denaturing hepatitis B virus* The heterologous 
epitopes are exposed on the outer particle surface. 

The fusion protein may also be obtained using 
other expression systems. Expression may be achieved in 
any other suitable host, procaryotlc or eucaryotlc. This 
means that a compatible host must be selected, for example 
one in which the fusion protein is neither degraded by 
endogenous proteoses nor toxic to the host. Such a host 
may be selected by a person skilled In the art, with 



routine exptrlmentation if necessary. Wc in fact were 
unable to produce a r«DV-HBcAg fusion protein in E, coll . 
The problem is apparently one of toxicity to the bacterltm 
of the FMDV sequences vhlch we used. HBcAg by itself can 
be expressed stably in E. coll > It is therefore th« effect 
of the extra sequence conprising the heterologous antigenic 
epitope on the E* coll which appears to be controlling. 

As a procaryotic host, E« coli strains nay be 
employed. Other microbial strains which nay be used are 
bacilli such as Bacillus subtilis and other 
enterobacteriaceae such as Salmonella typhinurium or 
Serriatia marcesans ^ Various pseudomonas species may be 
used. Plasmld vectors are typically used to transf ormsurkh 
hosts. The plasmids generally contain an origin of 
replication and control sequences which are derived from 
species compatible with the host. Harking sequences 
capable of providing phenotypic selection in transformed 
cells are ordinarily present in the plasmid. 

Cells from vertebrates or invertebrates^ 
preferably mammalian cells^ can be used as eucaryotic host 
cell lines. Cell .lines such as VERO, HeLa, CHO (Chinese 
hamster ovary), W138, BHK, COS-7, MDCK and CV-l may be 
employed. Expression vectors for such cells generally 
contain an origin of replication, a promoter located in 
front of the gene to be expressed^ and any necessary 
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ribosotne binding sites, RNA splice sitex, polyadenylat ion 
site and transcriptional terminator sequences, viral 
promoters preferably are etnployed» Viral vectors as above 
nay be u&ed, such as a baculovirus expressicn system. 

5 Eucaryotic microbes such as yeast cultures may 

alternatively be used as host cells* Saccharomyces 
eerevisioe strains can therefore be employed. A plasmld 
vector ruch as plasmid YRp? is typically utilised to 
tansform such hosts. Any plasmid vector containing a 

10 yeast-compatible promoter, origin of replication and 
termination sequences is suitable. 

The fusion protein may be used as a vaccine for a 
human or animal. It may be administered in any appropriate 
fashion* The choice of whether an oral route or a 

15 parenteral route such as sub«>cutaneous, intravenous or 
intramuscular administration is adopted and of the dose 
depends upon the purpose of the vaccination and whether it 
is a hu ^.n or mammal being vaccinated. Similar criteria 
govern the physiologically acceptable carrier or diluent 

20 employed in the vaccine preparation. Conventional 

formulations, carriers or diluents may be used. Typically, 
however, the fusion protein is administered in an amount of 
10*1000 ug per dose, more preferably from 10-100 ug per 
dose, by either the oral or the parenteral route. 

25 The following Example illustrates the present 

invention, In^the accompanying drawings: 



Figure 1 shows the construction of plafmid pFOHc; 
Flyure 2 shows the shuttle vector pvFOHC, the sequence of 
which contains two in-phase initiation codons separated by 
the FMDV VPl^^^^j^^^ sequence and six amino acids of the 
authentic HB "prc-core" sequence; 

Figure 3 presents, the results of sandvrich ELI5A of cell 
lysates from wild-type (Wyeth) or recombinant (vFOHC) 
infected cells; 

Figure 4 shows the sucrose gradient profile of core 
reactive material; and 

Figure 5 shows the results of labelling wild-type-vaccinia 
virus and recombinant (vFOHc) infected cells with 
" S-methionine and analysing the cellular supernatant? by 
immunoprecipitation"*'\^Ith HBcAg reactive antisera and 
polyacrylamide gel electrophoresis (PAGE). 

EXAMPLE 

Two clones were used to constroct the fusion protein 
described in this study* One clone representing hepatitis B 
core antigen (HBcAg) was obtained from Dr* P. Highfield 
(pWRL 3123)* This clone had been modified at the NH^ 
terminus such that it could be expressed in bacteria as a 
fusion protein to the E. coli protein TRP E > E* coli HBlOl 
harbouring pWRL 3123 was deposited at the National 
Connection of Industrial Bacteria, Aberdeen, GB on 6 March 
1987 under accession number NCIMB 12423, A second clone 
representing FMDV 142-160 sequences from 0^ Kaufbeuren 
linked to the amino terminus of P-galactosidase was obtained 
from Dr. M. Winther (pWRL 201) {Winther et al, 1986). 
Hestriction maps of each clone are shown in Figure 
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Ab can be seen in Figure 1, the junction between the 
FMDV sequence and the ^-^galactosidase comprisefi a Bam HI 
restriction site* The strategy undertaken therefore 
involved the fusion of the FHDV sequence and the BBcAg 
sequence through this Bam HI site. 

The initial stage in the construction therefore 
Involved insertion of a synthetic oligonucleotide linker 
for Ban HI at the 5' end of the BBcAg gsne of pWRL 3123. 
The site used for insertion of the linker was the Na r I 
site at position 290. However a second Nar I site at 
position 1230 was also present in this plasmid. The 
plusmid was therefore partially digested with Mar I so th^t 
a population of plasmid molecules which had been cut at 
only one Nar I site could be observed by agarose gel 
electrophoresis and purified. After flush ending the Nar I 
sites using the Klenow fragment of DHA polymerase 2, a 
synthetic oligonucleotide linker representing a Bam HI site 
was ligated into the partial Nar I digest and the resulting 
plasmids were used to transform E. coli > Clones were then 
analysed for the presence of a Bam HI linker in the correct 
Nar I site by restriction saapping. 

One such clone, designated pEB208» was isolated 
and DNA prepared. The length ox the Bam HI linker had been 
specifically chosen so that» when ligated to the FWDV 
portion of pHRL201 (Fig *^ the transla tional reading frame 
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would be continuous end a fusion protein could be produced. 
Concomitant with the Insertion of the Baa HI linker, the 
Nar I site Into which It had been inserted, was destroyed. 
It was therefbre possible to remove the BBcAg sequence from 

5 pEB208 by Bam HI - Nar I digestion whereupon a DNA fragment 
of 940 bases was produced* Similarly a Bam RI - War I 
fragment from pWRL201 of approximately 3.5 kilobases was 
purified. These two fragments were ligated together and 
the correct clone (pFOHc) was identified by restriction 

10 mapping. 

As can be seen from Figure 1, prOHc can be 
expressed in bacterial cells under the control of the tac 
promoter. In order to facilitate the transfer of the 
hybrid gene to a vaccinia virus (W) shuttle vector, 

15 however, plasmid pPOHc was cut at the single Nar I site and 
a second EcoRI site was introduced as a synthetic linker. 
This enabled the complete hybrid gene to be isolated as an 
EcoRI fragment* 

The W shuttle vector was pVpllk which was 

20 derived from the vector pH3JARlA (Newton et al, 1966 } by 
deletion of extraneous W sequences. This shuttle vector 
has a w promoter (in this case pllK] inserted into W 
thymidine kinase (TK) gene. This vector has a unique EcoRI 
site immediately following the W pllk promoter and AUG 

25 (Bertholct et al , 1985). The EcoRI site and AUG are in the 
same translational reading frame as the amino terminal 



EcoRI Bite of the hybrid gene in pfOHc. The rMDV-HBcAg 
gene was therefore inserted as the EcoBI fragment into 
EcoRI cut dephouphorylated pVpllk. doner with the hybrid 
gene in the correct orientation relative to the pllk 
promoter were identified by restriction capping. This 
clone was designated pvrOHc (Figure 2). 

This shuttle plasmid was then inserted into the 
genome of the Kyeth (US vaccine) strain of W, under the 
control of the pllk promoter, by homologous recombination 
using the flanking TK sequences (nackett et al, 1965 a and 
b). Individual progeny plaques with a TK* phenotype were 
screened for the presence of f«D-BBcAg DMA by dot blot 
hybridisation, --^r^,. 

CV-1 Cell lysates from wild-type (Wyeth) and 
recombinant (vfOHc) infected cells were screened for the 
presence of core antigen and for rnDV sequences by sandwich 
ELISA. Antigen froa infected cells was bound to CLISA 
plates using either FMO virus particle (146S) or THD VPl 
141*160 antisera raised in rabbits. Each trapped antigen 
was then assessed for the presence of either BBc^ THO 146S 
or rMD VPl 142-160 epitopes by binding with the respective 
guinea pig antisera and development with anti guinea pig 
peroxidase conjugate. The results are shown in rigure 3. 
As can be seen in fig 3, a protein recombinant from (vrOHc) 
infected cell lysates was trapped with anti-rHDV 141-160 
antiserum and this protein could then react with anti BBc, 
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anti-rMDV 141-160 and rwDV antivirion »erum in a aandwich 
ELISA. 

furthermore, this protein could be purified by 
ultracentrifugfttion suggesting that it was particulate in 
5 nature. This was illustrated nore clearly when the 

productE of centrifugation were aedinented on a sucrose 
density gradient and fractions were re-assayed for the 
presence of core antigen by EtX5A, Cell lysates from 
recombinant (vrOHc) vaccinia virus infected cells or 
10 bacteria expressing native core antigen were fractionated 
on 15-451 sucrose gradients. Fractions were assayed for 
the presence of core reactive material by indirect sandwich 
ELISA using human anticore antiserum as trapping antibody 
and guinea pig KBc antigen antiserum for detection. The 
15 results are shown in rigure 4. The position at which fMD 
virus se^diments is also indicated* rig 4 shows that a peak 
of HBcAg reactive material was observed in a position ^ 
similar to that observed when core particles expressed in 
bacteria vre centrifuged in parallel. Thus it appears that 
20 the presence of the r«DV VPl^^j^j,^ sequence does not 
•t^ interfere with the particulate nature of the core 

particles. 

The ability of the fusion protein to self 
assemble into regular, 27nffl core like particles was 
25 confirmed by electron microsocopic examination of imnune 
complexes formed with sucrose gradient purified material. 



The complexes were foraed by reacting the fWDV-HBcAg 
particles with antifierum raited to Intact foot and mouth 
diseaie virus. The complexes were adsorbed to form over 
coated grids and negatively stained with photphotungatic 
acid. As was to be expected from the ELISA data shown in 
rig 3, Immune complexes were also seen after reacting the 
particles with antisera to RBcAg or to synthetic FMDV 
peptide 141-160. 

Finally, the nature of the polypeptides 
synthesized in CV-1 cells infected with wild*type vaccinia 
virus or vFOHc by labelling the cells with * * S-methlonlne 
e.nd analysing the cellular supernatants by 
immunprecipitation with HBcAg reactive antisera and PAGE. 
Infected cells were pulse labelled with ' *S-methionine for 
1 hour and total cell lysates prepared. 

Immunoprecipi tatioh of labelled proteins was carried out 
with vaccinia virus antiserum (A,D), human BepB antiserum 
(B^E) or guinea pig HBc antigen antiserum (C, F)» 
Precipitated proteins were then analysed by PACE and 
f luorography. The results are shown in Figure 5. The 
position of the FnDV VFlj^j^^^^ -HBcAg fusion protein is 
arrowed. As shown in Fig 5, several proteins are 
specifically precipitated from extracts of recombinant 
(vHOFc) Infected cells by HBcAg antiserum. Two of these 
proteins (Hoi. Wt. 25KD and 20 KD) represent the complete 
fusion protein and a derivative having lost a 5Kd fragment 
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from its carboxy terminus by proteolytic digestion which 
would correspond to TrtDV VPl^ ^ ^ ^-HBeAg (Mackay et al , 
19B1). 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS : 

1. Particles composed of a fusion protein 
comprising HBcAg to the amino terminus of which is linked 
a heterologous antigenic epitope, excluding the first 
eight amino-acids of S-Galactosidase, which epitope is 
exposed on the outer surface of the particles. 

2. Particles according to claim 1, wherein the 
heterologous antigenic epitope ic fused directly to the 
HBcAg . 

3. Particles according to claim 1, wherein the 
heterologous antigenic epitope is fused to the HBcAg via 
a linker of from one to ten amino acid residues, 

4. Particles according to any one of the preceding 
claims, wherein the heterologous antigenic epitope is an 
epitope of a virus, bacterium or protozoan. 

5* Particles according to claim 4, wherein the 
antigenic epitope is an epitope of foot-and-mouth disease 
virus, poliovirus, 'human rhinovirus, influenza virus or 
hepatitis B virus surface antigen. 

6. Particles according to claim 4, wherein the 
antigenic epitope is an epitope of Plasmodium falciparum , 

7. A vaccine comprising, as active ingredient, 
particles as claimed in any one of the preceding claims 
and a physiologically acceptable carrier or diluent. 

8. A method of vaccinating a human or animal, which 
method comprising the step of administering thereto an 
effective amount of particles as claimed in any one of 
claims 1 to 6 . 
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9. A DKA sequence encoding a fusion protein 
comprising HBcAg to the amino terminus of which la linked 
a heterologous antigenic epitope, excluding the first 
eight amino-acids of S-Galactc^idase. 

5 10. A DNA sequence according to claim 9, wherein the 

heterologous antigenic epitope is fused directly to the 
HBcAg. 

11. A DNA sequence according to claim 9, wherein the 
heterologous antigenic epitope is fused to the HBcAg via 

10 a linker of from one to ten amino acid residues. 

12. A DNA sequence according to any one of claims 9 
to 11, wherein the heterologous antigenic epitope is an 
epitope of a virus, bacterium or protozoan, 

13. A DNA sequence according to claim 12, wherein 
15 the antigenic epitope is an epitope of the foot-and-mouth 

disease virus, poliovlrus, human rhinovlius, influenza 
virus or hepatitis B virus surface antigen. 

14. A DNA sequence according to claim 12, wherein 
the antigenic epitope Is an epitope of Plasmodiun) 

20 falciparu m. 

15. A vector which --ncorporates a DNA sequence as 
claimed in any one of claim 9 to 14 and which is capable, 
when provided in a suitable host, of expressing the said 
fusion protein. 

25 16. A vector according to claim 15, which Is a 
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viral vector. 

17. A vector according to claim 16, which is a 
recombinant vaccinia virus which incorporates the said ONA 
sequence. 

18. A vector according to claim 15, which is a 

S plasmid. 

19. A host in which is provided a vector as 
claimed in any one of claims 15 to 18. 

20. A host according to claim 19 in which the 
vector is a viral vector and the host is a mammalian cell 

10 line. 

21. A process for the preparation of a vector as 

J' 

defined in claim 15, which process comprises Incorporating 
a DNA sequence as claimed in any one of claims 9 to 14 
between translational start and stop signals in a vector 
15 and providing a promoter for the sequence. 

22. A process according to claim 21, wherein the 
vector is a virus. 

23. A process according to claim 22, comprising: 
(i) constructing a shuttle vector which 

20 incorporates, under the transcriptional control of a 
promoter, a DNA sequence encoding the fusion protein 
between translational start and stop signals; and 

(11) transfecting with the shuttle vector and 
infecting with a virus mammalian cells such that the DNA 

25 sequence and the promoter are incorporated In the viral 
genome . 
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24. A process according to claim 23, wherein the 
virus is a vaccinia virus. 

25. A process for the preparation of particles as 
claimed in any one of claims l to 6, which process 
comprises culturing a host as claimed in claim 19 or 20 
such as to cause expression of the fusion protein and 
thereby formation of said particles. 

26. A process for the preparation of a vector as 
defined in claim 15, said process being substantially as 
hereinbefore described in the Example. 

27. A process for the preparation of particles as 
claimed in any one of claims 1 to 6, said process being 
substantially as herein before described in the Example. 

Dated this 2nd day of September 1993 

THE Wgi^t^C O Mg FQV iro ft TI PN I^J M IJEP 
By their Patent Attorneys 
GRIFFITH HACK & CO 
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